To evaluate the seven species of Tanacetum genus -Tanacetum balsamita, T. parthenium, T. pinnatum, T. polycephalum, T. tabrisianum, T. uniflorum, and T. vulgare -an experiment was conducted in Karaj Iran. Data were recorded for plant canopy cover, plant height, flower number per plant, aerial biomass yield, time required for flowering, growing degree days to flowering (GDD), essential oil percentage and yield. Results showed that T. parthenium had higher mean values for plant canopy cover, plant height and flower number per plant whereas the species of T. parthenium, T. balsamita and T. vulgare had higher aerial biomass yield in comparison to the other species. The T. balsamita coupled with aerial biomass yield had the highest essential oil concentration. The T. tabrisianum and T. uniflorum were earliest ripening species due to lowest GDD. Essential oil yield was positively and significantly correlated with the traits that are components of aerial mass, indicating that selection for breeding new cultivars should focus on increased aerial biomass yield, late flowering and high flower number.
INTRODUCTION
Tanacetum genus (family Asteraceae, tribe Anthemideae) contains perennial and herbaceous plants (Mozafarian 1996) . To this genus belong 160 species that are scattered in Europe, Asia, North Africa, and South America (Oberprieler et al. 2007 ). The origin of Tanacetum genus is southwest of Asia and Caucasus (Heywood & Humphries 1977) . The species of Tanacetum are valuable medicinal plants. The flora of Iran has 26 species of Tanacetum, of which 12 are endemic (Mozafarian 1996 (Mozafarian , 2005 . Some members of the Tanacetum genus have been traditionally used in balsams, cosmetics, dyes, insecticides, medicines; they have also been found to act as preservatives in herbal remedies (Grieve 1984) . They are used as anthelmintic for migraine, neuralgia, rheumatism and loss of appetite (Blumenthal 1998) . According to the recent studies, the oils and extracts of members of the Tanacetum genus exhibit anti-inflammatory (Brown et al. 1997 ), antibacterial, antifungal (Hethelyi et al. 1991 and insecticidal effects (Hough-Golstein & Hahn 1992) . The terpenes of essential oils are thought to be associated with the biological activity of Tanacetum. Long et al. (2003) reported on medicinal values of sesquiterpenes, lactones, parthenolides and flavonoids of T. parthenium. All evaluated species are perennial or biennial. Tanacetum balsamita grows to 35 to 80 cm high and is slightly pubescent. Inflorescence diadem is thin and relatively dense. The time of flowering and fruiting is mid-spring to early summer. This species grows in Iranian Turanian and Caspian region and is distributed in northwestern Iran, Europe, Turkey and central Asia (Mozafarian 2008) .It has been used for more than several centuries for flavor, carminative and cardiotonic in traditional and folk medicine. Tanacetum parthenium stem grows to 30 to 80 cm, leaves, leaf pieces and racks are soft green. All plant parts emit strong and bitter smell. Tanacetum parthenium is a medicinal herb, rich in ____________________________________________________________________________________________________________________ sesquiterpenes and lactones (Majdi et al. 2013) . The species originates from Asia and the Balkans and it scattered in a large area of Europe and Asia (Blumenthal 1998) . Tanacetum pinnatum is a woody species full branches with erect stem 20 to 65 cm, grooved, hairless, with yellowing flower receptacle with a thin tube and often protruded stigma. The achenes are long (3 mm). The time of flowering and fruiting is early and late summer. This species is scattered in Iranian Turanian region and is distributed in northwestern, western and central Iran (Mozafarian 2008) . Tanacetum polycephalum is perennial or biennial species with multiple fertile and sterile stems, covered with short hairs, gray felt, 20 to 40 cm height. The time of flowering and fruiting is summer. This species belongs to the Iranian Turanian and Caspian region. It is distributed in northwestern Iran, Turkey, Caucasus and in north of Iraq. The achenes are cylindrical, 2 to 2.5 mm height. Tanacetum tabrisianum is known as tabrisianum aster. The plant is 10 to 30 cm height; its leaves are green to yellowish with surface covered by green to yellowish pubes. The petioles are long and the calyx is tubular with length of 2 to 3.2 mm. The length of achenes is 2.8 to 3.6 mm. The time of flowering and fruiting is early summer. This species is distributed in the Iranian Turanian region and in the western and central Iran (Mozafarian 2008), Turkey and Caucasus. Tanacetum uniflorum has woody full branches stems of 30 to 55 cm height. The flowers are yellow with convex receptacle 7 to 10 tubular flowers. The fruit is brown achenes and yellow straw. The time of flowering and fruiting is late spring and summer. This species grows in the Iranian Turanian region and is distributed in the northwestern Iran, Turkey and Caucasus (Mozafarian 2008). Tanacetum vulgare (syn. Chrysanthemum vulgare (L.) Bernh.] (Common tansy) has erect stems that can reach 2 m in height. It is an aromatic plant that stores monoterpenoids predominantly in its leaves (Kleine & Müller 2013) . Coarse stems generally branch only at the top and are somewhat woody at the base. Stems may grow singly or in clusters and they are lined with alternative leaves. As a plant containing many useful substances with folk and medical applications, it is harvested from the natural habitats, which can cause deterioration of genetic resources of plant and, this result would be imposing of irreversible destructive effects on the ecological balance of flora and ecosystems (Hassanpour Moghdam et al. 2008) .
The aim of this study was to evaluate the seven species of Tanacetum for their morphological and phenological characteristics and essential oil production, and finally to determine the superior species with high aerial biomass and essential oil yield. Data were collected in the next year of planting. In each plot, 10 plants in the middle of plots were selected for the measurement of yield and morphological traits and averaged as mean of each plot. The following traits were analyzed: plant canopy cover area (cm 2 ), plant height (cm), flower number per plant, time required for flowering (days), aerial biomass yield (kg·ha -1 ), growing degree days to flowering (GDD), essential oil concentration and essential oil yield (kg·ha -1 ). The canopy cover area was estimated using the means of width and length diameters of the plant canopy. Time required for flowering was recorded as the number of days from date 21 March (the starting point of growing -the first day of Iranian New Year in spring season) till the emergence of the first flower on plant. The aerial plant parts were harvested in full flowering stage, Evaluation of aerial and essential oil yield of Tanacetum spp. 21 ____________________________________________________________________________________________________________________ weighed, air dried in room temperature for one week and weighed again to obtain as aerial biomass yield. GDD for flowering stage was calculated as follows:
MATERIALS AND METHODS

Seeds
where: GDD = growing degree days Tmax = maximum daily temperature (mean for days from March 21 till full bloom) Tmin = minimum daily temperature (as above) Tb = the base temperature [physiological zero for germination, for those species as (6 ºC ( , (Alizadeh & Jafari 2016) .
The maximum and minimum daily temperatures were provided from Karaj, Iran Metrological Station (IRIMO 2011).
The essential oil was extracted using the hydro distillation method with a Clevenger type apparatus. Each sample containing 10 plants per plots were harvested at full flowering stage and dried and ground. The materials of every species (80 g in three replications) were placed in a 3 liter round-bottomed flask containing 1.5 L of water and refluxed for 3 h. After completion, the oil volume (mL) was recorded according to the Hungarian plant pharmocopy letter (Anonymous 1984) as follow: The collected data were subjected to the analysis of variance and mean comparisons were made using the Tukey method. Phenotypic correlations among characteristics were estimated for all pairwise combinations. All the variables averaged over plots were used in principal component and cluster analysis. Principal component analysis is often used prior to cluster analysis to determine the relative importance of variables classification (Jackson 1991) . The variables were standardized for cluster analysis (Ward 1963) . The Minitab 16 (2012) was used for multivariate analysis.
RESULTS AND DISCUSSION
Analysis of variance and means comparisons
The results of analysis of variance (ANOVA) showed significant variation for all the measured traits (p < 0.01) ( Table 1 ). The means comparison of all the species for canopy cover, plant height, flower number, aerial biomass yield, time required for flowering, GDD, essential oil percentage and essential oil yield are presented in Table 2 . The highest number of days to flower and highest value of GDD (115 days and 1284 C respectively) were obtained for T. balsamita.. T. parthenium and T. vulgare were classified in the same group of significance. The lowest values of these two traits was found for T. uniflorum (70 days and 491 C respectively). In the same group of significance were classified T. polycephalum and T. tabrisianum (Table 2) . The means in columns indicated by the same letter do not differ significantly based on DMRT at p = 0.05. The highest value of canopy cover (1788 cm 2 ) and number of flowers but also long time to flowering and GDD value was related to T. parthenium compared with other species. The plant height of T. parthenium, T. vulgare and T. balsamita (61, 64 and 58 cm) were the highest in comparison with the other species. Two species of T. tabrisianum and T. pinnatum had the lowest plant height (18 and 17 cm) and canopy cover as well as flower number (6 and 7) per plant. The aerial biomass yield of T. balsamita, T. parthenium and T. vulgare with average values of 3174, 2570 and 2690 kg·ha -1 , respectively, were higher than other species and T. tabrisianum and T. uniflorum had the lowest values (140 kg·ha -1 and 166) ( Table 2 ). The essential oil concentration and essential oil yield was highest for T. balsamita (0.59%, 18 kg·ha -1 ) ( Table 2) . T. polycephalum was also rich in essential oils (0.45%) but due to low aerial biomass, oil yield was only 3 kg h -1 . The variation for morphological traits between the species is a normal phenomenon, although it is not always correlated with oil yield (Alizadeh et al. 2015a) .
Correlation between traits
The time required for flowering and GDD had the same trend in relationships with other traits. GDD was positively correlated with other traits except essential oil % (p = 0.01) (Table 3) . Similarly, aerial biomass yield was positively correlated with other traits except essential oil % (p = 0.01). The relationships between plant height, canopy cover and flower number were positive with other traits except essential oil %. Adeli et al. (2013) and Alizadeh et al. (2015b) found high positive correlation between flower number with plant height and canopy cover. Essential oil yield had positive and significant correlations with all the traits. There was strong correlation between essential oil yield and essential oil %. This result was in agreement with the results of Soluki et al. (2008) and Pirkhezri et al. (2010) in Matricaria chamomilla and Hamisy et al. 
Classification of species
The results of PCA analysis showed that the first two components accounted for 73 and 17 of the total variation. Canopy cover, plant height, flower number, aerial biomass yield, time required for flowering and GDD in the PCA1, and essential oil percentage and essential oil yield in the PCA2 were identified as the important traits for classification (Table 4) . Using the Ward cluster method, the seven species were grouped into two clusters (Fig. 1) . With T. balsamita, T. parthenium and T. vulgare in the cluster 1 and the species of T. pinnatum, T. polycephalum, T. tabrisianum and T. uniflorum in the cluster 2 (Figs 1).
The species in the cluster 1 considered as late maturity because it needed more time for flowering and higher GDD and had the highest aerial biomass yield. The species in Cluster 2 had lower values for all of traits except the essential oil %. The mean percentage of essential oil was similar in both clusters with average values of 0.31% (Table 5) . Fig. 2 shows how the accessions are classified into two clusters according to the first two principal components. By the scatter of seven species eigenvectors, the first component separated clusters 1 and 2 with trend of low to high yield and other morphological traits. The second component well separated species in clusters based on their essential oil % and essential oil yield. In cluster 1, the species of T. balsamita, T. parthenium and T. vulgare that had higher essential oil yield separated from cluster 2 (T. pinnatum, T. polycephalum, T. tabrisianum and T. uniflorum) with lower values of essential oil yield (Fig. 2) . This result indicated that the distribution of species based on the first two component scores are in agreement with cluster analysis.
With a similar method, Alizadeh and Jafari (2016) used cluster analysis for the grouping of accession of Anthemis triumfettii, A. tinctoria, A. haussknechtii and A. pseudocotula . According of their result, the cluster analysis well separated the accession based on aerial biomass yield, morphological traits and GDD. In some items, the accessions within each cluster were coordinated with their geographical provenance.
By a study of multivariate statistical analysis of 58 morphological characters using Ward cluster and principal component analyses, Kazemi et al. (2014) found that Tanacetum aureum, T. oligocephalum and T. heimerlii well differentiated as separate species. 
CONCLUSION
It was concluded that the species of T. balsamita was superior over other six species because of high aerial biomass yield and essential oil yield. The two species T. tabrisianum and T. uniflorum were considered as the earliest species because of the lowest value of GDD and time required for flowering. The three species of T. balsamita, T. parthenium and T. vulgare were considered as late species because of their high value of GDD and time required for flowering.
T. balsamita can be introduced as a superior medicinal plant species for cultivation. There was strong correlation between essential oil yield and essential oil %. Similarly, essential oil yield had positive and significant correlations with all the traits. Analysis of correlation indicates that the selection for breeding purposes of Tanacetum, should be focused on high aerial biomass yield and essential oil %, which will be correlated with late flowering, plant height and high flower number. 
